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© Method and apparatus for production of nonwoven fibrous articles. 



© Superabsorbent articles in the form of soft, non- 
woven fibrous webs are produced from aqueous, 
fiber-forming polymer solutions by forming the poly- 
mer into water soluble filaments in die 18, contacting 
the filaments with a primary air stream having a 
velocity effective to attenuate and to partially dry the 
filaments, contacting the attenuated filaments with a 
^secondary air stream from nozzle 22 having a ve- 
^.locity effective to fragment the filaments into fibers 
gjand to transport the fibers to a web-forming zone 32 
OOwhile also further attenuating and drying the fibers, 
— collecting the fibers in reticulated web-form in the 
©web-forming zone and curing the web in oven 38 to 
CO a water insoluble state. The temperature and air 
q stream velocities are controlled with respect to am- 
bient humidity and water content of the fiber during 
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the fiber and web formation such that the fibers are 
collected without sticking. Collection is preferably on 
a wire belt 36 followed by transport through a curing 



oven to compacting rolls 58,60 and web take-up 64. 
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Method and Apparatus for Production of Nonwoven Rbrous Articles 



This invention relates to a process for produc- 
ing superabsorbent articles in the form of soft, 
nonwoven fibrous webs. The nonwoven web ma- 
terial can be used per se or can be combined with 
other fibrous materials, to form composites having a 
wide variety of applications, including diapers, sani- 
tary napkins, incontinence products, towels, tis- 
sues, and other products for the absorption of 
significant quantities of fluids including body ex- 
udates and aqueous compositions of all kinds. 

Background of the Invention 

The web formation process is critical in the 
production of all nonwoven articles. Webs are pro- 
duced with a dominant fiber orientation in a known 
manner by textile machines such as cards or gar- 
netts. It is also known to form webs wherein the 
fibers have a random arrangement by laying down 
on a moving wire fibers carried by a stream of an 
inert gas such as air. Typical processes of the 
latter type include the mixing of melt-blown fibers 
by high velocity gas streams from separate sour- 
ces, as in U.S. Patents 3,016,599, 3.502,763, 
4,1 00,324 and 4.263,241. Other patents which use 
gas streams in web formation include U.S. Patents 
3,670,731, 4,235.237, 2,988,469, 4,102.963, 
4.375,447, 3,755,028, 3,010,161, 2.500,282, 
2.411,660 and the melt-blown fiber processes dis- 
closed in U.S. Patents 3,442.633, 3,497.337, 
3,357,808 and 4,604.313. A wide variety of fiber 
types are disclosed in the foregoing patents, in- 
cluding natural and synthetic fibers and fibers 
formed from water-insoluble hydrogels including 
maleic anhydride copolymer gels such as dis- 
closed in U.S. Patents 3,901,236 and 4,610.678. 

The higher the absorbency of a fiber the more 
difficult it is to form webs of the material having the 
requisite softness, flexibility and density, particu- 
larly when the precursor polymer used to prepare 
the fibers is in solution. During the web formation 
process the inherent hygroscopicity of the fibers 
may cause the fibers to pick up water from the 
environment with the consequence that if the fibers 
are ever-dried during the process, voids will form in 
the web and the web will crack. On the other hand, 
if the fibers are over-wet the web will become 
brittle during a subsequent curing operation. The 
resulting web in both cases will have poor integrity 
and lack the density, softness and flexibility de- 
sired. 



Summary of the Invention 



A process has now been found which com- 
s bines fiber and web formation in such manner that 
superabsorbent nonwoven webs can be produced, 
batch-wise but preferably continuously, wherein 
conditions are controlled to provide uniform density 
(desirably of about 30-200 g/m 2 ), integral but ran- 

ro dom fiber distribution, and the flexibility and soft- 
ness important for use of the webs in water absor- 
bent personal care products. The superabsorbency 
of the webs is demonstrated by their ability to 
absorb many times their weight of water and aque- 

js ous solutions, on the order of 40 to 1000 grams of 
water or aqueous solution per gram of web material 
under free swelling conditions and to retain simi- 
larly large quantities of aqueous fluids under pres- 
sure. "Water" and "aqueous fluids" is herein in- 

20 tended to mean and include not only water per se 
but also electrolyte solutions, body fluids and aque- 
ous solutions of all kinds. 

In one aspect of the invention, nonwoven fi- 
brous webs are produced from an aqueous solution 

25 of a fiber-forming polymer composition which ini- 
tially is water soluble but becomes water insoluble 
and super-absorbent upon curing, wherein the 
polymer solution is formed into filaments, the fila- 
ments are contacted with a primary air stream 

ao having a velocity effective to attenuate the fila- 
ments, the attenuated filaments are contacted in a 
fiber-forming zone with a secondary air stream 
having a velocity effective to further attenuate and 
to fragment the filaments into fibers and to trans- 

35 port the fibers to a web-forming zone, the fibers are 
collected in reticulated web form in the web-for- 
ming zone, and the web is cured. Each air stream 
also evaporates water from the filaments and fibers 
(the secondary air stream more so than the primary 

40 air stream), the fibers thereby being dried to the 
extent that they will collect and cure to a soft web 
without substantially flowing or sticking together. 

In another aspect, nonwoven web-producing 
apparatus is provided, comprising the combination 

45 of means for forming an aqueous polymer solution 
into filaments, first air supply means positioned to 
direct an air stream upon and to partially attenuate 
and dry the filaments, a housing having opposing 
inlet and outlet means, second air supply means 

so positioned to direct an air stream upon the fila- 
ments for further attenuation and for fragmentation 
thereof, and to further dry and to carry the fila- 
ments through the inlet and outlet of the housing, a 
foraminous surface at the outlet of the housing for 
collecting the fragments in web form, suction 
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means adjacent to- the foraminous surface to en- 
train the fragments on the surface, and means for 
curing the web on the foraminous surface. 

Other aspects of the- invention include a non- 
woven web-producing process wherein the polymer 
composition from which the fibers of the web are 
produced is a carboxylic polymer cross-finked by 
hydroxyl or heterocyclic carbonate functionality, 
and the nonwoven web produced by the process. 

These and other aspects, features and advan- 
tages of the invention will be apparent from the 
drawings and specification which follow. 

Description of the Drawings 

Fig. 1 is a schematic of apparatus useful in 
the process of the invention and includes identifica- 
tion of the major steps of the process; 

Fig. 2 is a vertical section of one embodi- 
ment of an extrusion die useful in the filament 
formation step of the process; and 

Hg. 3 is a vertical section along the line 3-3 
of Fig. 2 showing other structure of the extrusion 
die of Fig. 2. 

Detailed Description 



With reference to Fig. T of the drawings, in the 
filament forming step of the invention a hycrophilic 
polymer solution supplied from one or more feed 
tanks, such as steam-heated and motor (M)-agi- 
tated polymer feed tanks 10 and 12, is pumped by 
pump 14 having a flow control (F) via line 16 to 
filament forming means such as an extrusion de- 
vice 18. The extrusion device may have any suit- 
able design including one or more nozzles, spin- 
nerets or die openings. Figs. 2 and 3 illustrate one 
embodiment of extrusion device in the form of a 
die (described in detail below). The viscosity of the 
polymer solution is regulated, by the solids content 
of the polymer composition feed stock and tem- 
perature thereof for an efficient rate of extrusion. 
Heating the polymer feed up to about 200 " F as 
necessary is accomplished by steam jackets or 
other means. For example, at a solids concentra- 
tion of about 25-60%, preferably about 35-55% and 
an extrusion device comprising a bank of nozzles 
with openings of 0.028 inch diameter, a suitable 
extrusion rate is about 2.5 grams per minute per 
nozzle at room temperature (ca.70 F). If the ex- 
trusion device includes a die having, for example, a 
length of about 3-10 inches and 6-12 holes per 
inch, the holes being evenly spaced and 0.020 
inches in diameter, a suitable extrusion rate is 



about 0.5 to 5 grams per minute per hole at room 
temperature. Of course, the extrusion rate will also 
depend upon the type and character of the poly- 
mer composition, particularly its viscosity. 
5 While hydrophilic thermosetting and thermo- 

plastic polymer compositions of all types may be 
used in the process, such as the polymer types 
described in the patents cited above (the disclo- 
sures of which are incorporated herein by refer- 
w ence), the process has particular applicability to 
filament and web formation from a polymer com- 
position comprising a blend of (1) a copolymer of 
at least one alpha, beta-unsaturated carboxylic 
monomer and at least one monomer copolymeriza- 

is ble therewith, and (2) a cross-linking agent having 
crossfinking functionality comprising hydrcxyl or 
heterocyclic carbonate groups. More particularly, 
the polymer composition is a blend of a copolymer 
of the foregoing type having about 20-80 weight 

20 percent pendant carboxylic acid groups and about 
80-20 weight percent pendant carboxyiate groups, 
and a suitable hydroxyl or O-heterocyclic 
carbonate-containing cross-linker. 

The copolymer of the polymer composition 

25 may contain about 25-75 mole percent recurring 
units of at least one alpha, beta-unsaturated mon- 
omer bearing at least one pendant unit selected 
from carboxylic acid units and derivatives of car- 
boxylic acid units, and about 75-25 mole percent 

30 recurring units of at least one monomer 
copolymerizable therewith, wherein about 20-80 
mote percent of the total pendant units introduced 
through the recurring alpha, beta-unsaturated mon- 
omer units are carboxylic units or which are con- 

35 verted into carboxylic acid units, and wherein about 
80-20%. of the total pendant units are carboxyiate 
salt units or which are converted into carboxyiate 
salt units. Preferably, the copolymer will contain 
about 35-65 total mole percent of recurring units of 

40 at least one alpha, beta-unsaturated monomer and 
about 65-35 total mole percent of at least one 
copolymerizable monomer. More preferably, the 
comonomers of the copolymer will be present in 
equimolar proportions. 

45 Suitable hydroxyl-containing crosslinking units 

include one or more compounds having at least 
two hydroxyl groups, such as alkylene glycols of 2- 
10 carbon atoms and ethers thereof, cyclic al- 
kylene glycols, bisphenol A, hydroxy alkylene de- 

50 rivatives of bisphenol A, hydroquinone, 
phloroglucinol, hydroxy alkylene derivatives of 
diphenols, glycerol, erythritol, pentaerythritol, mon- 
osaccharides and other compounds specified 
hereinafter. 

ss Suitable, alpha, beta-unsaturated monomers 

are those bearing at least one pendant carboxylic 
acid unit or d rivative of a carboxylic acid unit. 
Derivatives of carboxylic acid units include carbox- 
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ylic acid salt groups, carboxylic acid amide groups, 
carboxyiic acid imi'de groups, carboxylic acid anhy- 
dride groups and carboxylic add ester groups. 

Typical alpha, beta-unsaturated monomers 
useful in the invention include maleic acid, crotonic 
acid, fumaric acid, mesaconic acid, the sodium salt 
of maleic acid, the sodium salt of 2-methyi, 2- 
butene dicarboxylic acid, the sodium salt' of 
itaconic acid, maleamic acid, maleamide; N-phenyl 
maleimide, maleimide, maleic anhydride, fumaric 
anhydride, itaconic anhydride, citraconic anhydride, 
methyl itaconic anhydride, ethyl maleic anhydride 
diethylmaleate. methylmaleate, and the like, and 
any mixtures thereof. 

Any suitable copoiymerizable comonomer can 
be employed. Suitable copoiymerizable 
comonomers include ethylene, propylene, 
isobutyfene. Ci to C«. alkyl (meth)acrylates. vinyl 
acetate, methyl vinyl ether, isobutyl vinyl ether, and 
styrenic compounds having the formula: 



R - C ■ CH' 




wherein R represents hydrogen or an alkyl group 
having from 1 to 6 carbon atoms and wherein the 
benzene ring may be substituted with low molecu- 
lar weight alkyl or hydroxy groups. 

Typical C, to d alkyl acrylates include methyl 
acrylate, ethyl acrylate. isopropyl acrylate, n-propyl 
acrylate. n-butyl acrylate. and the like, and any 
mixtures thereof. Suitable C, to C* alkyl 
methacrylates include methyl methacrylate, ethyl 
methacrylate. isopropyl methacrylate, n-propyl- 
methacryiate. n-butyl methacrylate. and the like, 
and any mixtures thereof. Suitable styrenic com- 
pounds include styrene. alpha-methylstyrene p- 
methylstyrene. t-butyl styrene, and the like, and 
any mixtures thereof. 

The pendant units on the alpha, beta-unsatu- 
rated monomer, will determine what, if any, addi- 
tional, reactions must be carried out to obtain a 
copolymer having the requisite pendant units nec- 
essary to produce water-absorbing polymer com- 
positions useful in the invention having about 20-80 
percent pendant groups such as carboxylic acid 
units and about 80 to about 20 percent pendant 
carboxylate salt units. Preferably, both units are 
present in an amount of from about 30 to about 70 
percent. 

In general, if the alpha, beta-unsaturated mon- 
omer bears only carboxylic acid amide, carboxylic 
acid imide. carboxylic acid anhydride, carboxylic 



acid ester groups, or mixtures thereof, it will be 
necessary to convert at least a portion of such 
carboxylic acid derivative groups to carboxylic acid 
groups by, for example, a hydrolysis reaction. If the 
5 alpha, beta-unsaturated monomer bears only car- 
boxylic acid salt groups, acidification to form car- 
boxylic acid groups will be necessary. 

Similarly, the final copolymer must contain 
about 80-20 percent pendant carboxylate salt units. 
'0 Accordingly, it may be necessary to carry out a 
neutralization reaction. Neutralization of carboxylic 
acid groups with a strong organic or inorganic base 
such as NaOH, KOH, ammonia, ammonia-in-water 
solution, or organic amines will result in the forma- 
'5 tion of carboxylate salt units, preferably carboxylate 
metal sait units. 

The sequence and the number of reactions 
(hydrolysis, acidification, neutralization, etc.) carried 
out to obtain the desired functionality attached to 
so the copolymer backbone are not critical. Any num- 
ber and sequence resulting in the final copolymer 
which possesses about 20-80 percent pendant car- 
boxylic acid units and about 80-20 percent pendant 
carboxylate salt units is suitable. 
25 One copolymer particularly suitable for use in 

forming superabsorbent webs in accordance with 
the invention is a copolymer of maleic anhydride 
and isobutylene. Another is maleic anhydride and 
styrene. Suitable copolymers will have peak molec- 
30 uiar weights of from about 5.000 to about 500,000 
or more. The copolymers of maleic anhydride and 
isobutylene and/or styrene can be prepared using 
any suitable conventional methods. Maleic 
anhydride/isobutylene copolymers are also com- 
35 mercially available from Kuraray Isoprene Chemical 
Company, Ltd.. Tokyo. Japan, under the trade- 
mark ISOBAM. ISOBAM copolymers are available 
in several grades which are differentiated by vis- 
cosity molecular weight: ISOBAM-10, 160,000 to 
«o 170,000; IS08AM-06, 80.000 or 90.000; ISOBAM- 
04. 55,000 to 65.000; and ISOBAM-600, 6.000 to 
10.000. 

To produce water-absorbing polymer composi- 
tions useful in the invention, at least one copolymer 
«5 as described above and at least one crosslinking 
compound bearing at least two hydroxyl or 
heterocyclic carbonate groups are blended such 
that the water-absorbing composition contains in 
weight percent about 80-99.5 total copolymer and 
so about 0.5-20 total crosslinking compound. Prefer- 
ably, the composition will contain about 90-99 
weight percent total copolymer and about 1-10 
weight percent total crosslinking agent. 

Any suitable organic compound bearing at 
55 least two hydroxyl or heterocyclic carbonate 
groups and having a relatively low molecular 
weight, less than 1,000, can be employed as a 
crosslinking agent for the copolymers. 
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Suitable crossfinking compounds include eth- 
ylene carbonate, propylene carbonate. 1-2 butylene 
carbonate, 2-3 butylene carbonate, phenyl ethylene 
carbonate, ethylene glycol, propylene glycol, 
trimethylene glycol, 1,4-butane diol. 2-methyl-1, 3- 
propane diol, neopentyl glycol, 1,5-pentane diol, 
diethylene glycol, dipropylene glycol, 1 ,4-cyclohex- 
ane dimethanol, Bisphenol A, 1 ,4-bis-{beta-hydrox- 
yethoxy) bisphenol, hydroquinone, phloroglucinol, 
glycerol, erythritol, pentaerythritol, meso-erythritol, 
1 ,7-dihydroxysedoheptulose. sucrose, natural mon- 
osaccharides, and the like, including any mixtures 
thereof. 

In the filament forming step (again, with refer- 
ence to Fig. 1), the polymer filament 20 is con- 
tacted with a primary air stream directed generally 
vertically from nozzles, openings in horizontally po- 
sitioned tubes or other means as it leaves the 
extruder 18. The air is supplied by a compressor 
blower (operating up to about 25 psi) or other 
suitable source. The velocity of the air stream is 
selected to partially dry and attenuate the filaments 
to a diameter sufficiently small such that the fila- 
ments will be further attenuated and will fragment 
easily when contacted with a secondary air stream ; 
from nozzle 22 supplied from a blower 24 through 
a chamber 26. Blower 24 may be provided with a 
suitable controller (C) and flow indicator (F). A 
primary air stream velocity (measured 6 inches 
from the air exits) of at least about 500 feet per 3 
minute (fpm), e.g., about 500-8,000 fpm, will be 
effective. The secondary air temperature in tunnel 
34 may be regulated by stream flow in line 28 to a 
heat exchanger 30 in chamber 26. A conventional 
temperature sensor (T) and controller (C) regulate a 
the temperature through a suitable control valve 
and control valve actuator as shown. Filaments 20 
will have diameters of about 5-20 microns as a 
result of the entrapment and attenuation by the 
primary air stream. ^ 

When contacted by the high velocity secon- 
dary air stream from nozzle 22, flowing at a ve- 
locity of at least about 3,000 feet per minute, e.g., 
about 3,000 to 10,000 feet per minute or greater,' 
the filaments 20 are further attenuated and dried, 45 
and are fragmented into fiber pieces 32 which are 
earned by the secondary air and vaporized water 
through the housing or tunnel 34 having an inlet 
adjacent the nozzle 22 and an opposing outlet. The 
fibers then deposit on a foraminous collector sur- so 
face such as a screen 36 positioned in the outlet of 
the tunnel. Screen 36 preferably is mounted or 
positioned at an angle to the longitudinal axis of 
tunnel 34, e.g., about 45*. The temperature and 
humidity in the tunnel 34 are sensed and regulated 55 
such that the water content of fragments 32 as they 
collect on screen 36 is about T0-15 percent by 
weight. If the fib r fragments are over-dried at this 



point the resulting web will contain voids and sub- 
sequently crack during the curing step. If the fibers 
are too moist the web will become brittle during the 
subsequent curing. The secondary air stream in 
5 addition to fragmenting and drying the fibers, aug- 
ments the attenuation of the fibers to the desired 5- 
20 micron diameter range. 

Tunnel 34 is dimensioned to attain the proper 
moisture content in the fibers as they collect on 
w screen 36. A tunnel housing about 12 feet long and 
having interior dimensions of about 3 feet by 3 feet 
is suitable but other dimensions will be effective 
depending upon the water content of the polymer 
composition as it is formed into filaments, the 
s hydroscopicity of the polymer composition, and the 
extent to which the polymer composition is neutral- 
ized and cross-linked. Passage of the fibers 
through the tunnel as well as temperature and 
humidity control is facilitated by lining the tunnel 
0 with suitably surfaced insulating material, such as 
glass fiber batting surfaced with a water impervious 
film. While nozzle 22 and tunnel 34 are shown 
horizontally positioned in Fig. 1, vertical or other 
positioning may also be practiced. 
■ Collection of the fiber fragments 34 on the 

screen 36 is facilitated by a suction generated by a 
blower 40 which puils secondary air from tunnel 34 
through an exhaust chamber 42. The suction also 
minimizes condensation of water on the interior 
walls of tunnel 34. The differential pressure of the 
suction generated by blower 40 is regulated by a 
controller (C) and measured by a pressure sensor 
(P) across the screen 36. The suctioned air is 
exhausted through a stack 41 and thereby also 
creates a pressure differential to hold the web in 
place on the screen 36 during initial passage into 
the oven 38. 

Although screen 36 may comprise a fixed sur- 
face or a rotating drum separate from the tunn I 
34, preferably screen 36 is a foraminous wire or 
wire mesh belt as shown, which moves continu- 
ously through a curing oven 38. Moisture sensors 
44 having a readout M determine whether the 
fibrous material on the wire has the requisite mois- 
ture content as it enters the oven. Typically, the 
moisture should be less than 20% by weight as th 
material enters the oven, to prevent the fibers from 
flowing and sticking together, thereby losing fiber 
integrity. The fiber fragments now collected on the 
wire in web form are maintained on the wire during 
passage through the oven by air pressure against 
one side of the wire and suction from the other 
side generated by air cycled by a blower 46 from a 
suction conduit 48. Th air is transport d via a 
supply conduit 49 to a distribution region 50 sub- 
divided into chambers or manifolds (not shown) 
positioned on one side of each of the vertical wir s 
shown in Fig. 1. Air thus suctioned through one 
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face of the wire is collecied in. an exhaust region 51 
adjacent the opposing face of the wire to complete 
the air flow cycle. A heater 52 desirably is mounted 
upstream of blower 46 to heat the air stream as 
required for curing of the web. Suitable tempera- 
ture controls (T,C) are provided to relate air tem- 
perature in the oven to speed of the wire and other 
parameters for efficient cure. The air pressure 
across wire 36 is measured by a sensor 54. Any 
design of curing oven, and air supply and exhaust 
system of the curing oven, suitable for obtaining 
efficient cure can be used. One such design is the 
oven and air distribution system commercially 
available from Honeycomb Systems, Inc., of Bid- 
deford, Maine. 

An oven temperature of about 250* C for about 
5 minutes residence time or about 270 " C for about 
2.5 minutes residence time provides good cure but 
lower temperatures and longer residence times are 
also suitable, such as about 210* C for about 20 
minutes. Higher temperatures can be used with 
concomitantly lower residence times provided the 
webs do not discolor. Generally, the oven tempera- 
ture range may be about 1 50-275 'C for residence 
times of about 35 -0.5 minutes. 

Upon emerging from the curing oven, product 
web 56 desirably is compacted by any suitable 
means such as nip rolls 58 and 60, and is trans- 
ported to a take-up station 62 where it is wound on 
an idler spool 64 driven by spool 65. A tension 
controller (Y) regulates take-up tension in a known 
manner. If desired, embossing rolls may be used 
for the compaction to improve the integrity and 
appearance of the web by decreasing the visibility 
of small dis-corttinuities in the web. 

Figs. 2 and 3 illustrate one embodiment of a 
die suitable in forming the filaments in extrusion 
device 18. With reference thereto, a die head com- 
prises a die head cover 68. one or more entry 
conduits 69, and a chamber 70 defining a manifold 
for entry of polymer syrup through channels 72 to 
nozzle feed chamber 74. The nozzle chamber is 
defined by tip body 76 and communicates with die 
holes 78. Filaments 80 are thus extruded and en- 
trained by primary air streams 82 and 83 injected 
from openings in supply tubes 84 and 86. Suitable 
air supply tubes may be about 10 inches long and 
have 12 holes per inch wherein the hole diameter 
is 0.020 inch. The velocity and angles of impinge- 
ment of air streams 82 and 83 upon filament 80 are 
selected relative to the viscosity of the polymer 
syrup and the location of the secondary air stream 
such that filaments 80 will be entrained and attenu- 
ated to the desired diameter range. A suitable 
angle of impingement is 20 degrees. An air knrfe 
may be used in place of tubes 84 and 86, if 
desired. 

Thus by practic by the process of the inven- 
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tion, superabsorbent webs of uniform density and 
having the requisite softness and flexibility are pro- 
duced continuously and efficiently. The resulting 
web is dry to the touch and can be conveniently 
5 incorporated into various product forms in accor- 
dance with well-known procedures. 

The following examples will serve, in conjunc- 
tion with Figs. 1-3, as further illustration of the 
invention. 

70 

Example 1 

75 A polymer syrup is prepared, comprising a 
40% polymer solids solution of a maleic 
anhydride'isobutylene copolymer having a viscosity 
average molecular weight of about 160,000-170,000 
and which is 50% neutralized with sodium hydrox- 

20 ide and crossiinked with 7 phr of propylene car- 
bonate per (7 parts by weight of propylene car- 
bonate per 100 parts by weight of copolymer). 

A continuous web is produced by blowing fi- 
bers fragmented from filaments extruded from the 

25 polymer syrup through a die (such as die 18 of 
Figs. 2 and 3) using primary air and secondary air 
as described hereinabove, to a web forming screen 
36 comprising a wire mesh belt which travels 
through a curing oven 38. The polymer feed pump 

30 rate (Nichol-Zenith Pump, Model BLB-5456- 
30ccrev.) is set at 3 rpm, for extrusion of polymer 
at 100 gm/minute or at 2.6 gm/minute/hole in the 
die. The belt speed is set at 2.5 feet per minute. 
The relative polymer feed and wire speed are 

35 matched to . give the desired web density. The 
required oven temperature is then set to com- 
pletely cure the web in the residence time of the 
web in the heated zone of the curing oven. For an 
oven 63 feet long and a belt speed of 2.5 rpm, the 

40 cure time is 25 minutes. For this residence time, 
195* C is a suitable oven temperature. Once the 
polymer is flowing freely through the die, the belt is 
moving, and the proper oven temperature is 
reached, the primary air is turned on to reach a 

45 velocity of about 8000 fpm through the holes in the 
air tubes 84 and 86 of Fig. 1. Then, the secondary 
air is turned on to at least 7000 fpm for this feed 
rate and the air is heated to 125*C. The tempera- 
ture of the secondary air is adjusted in chamber 26 

so to dry the web as it is formed to 10-15 wt.% 
moisture. The secondary and primary air are re- 
moved in the oven 38 through the belt and ex- 
hausted to the outside by exhaust blow r 40 and 
suction box 42 behind the belt. One inch of water 

55 pressure drop across the web and belt is sufficient 
to exhaust the air and deposit the fibers in web 
form on the belt. The exhaust fan speed is in- 
creased until the pressure drop is achieved. The 

6 
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web travels through the oven on the moving belt 
and is removed at the exit where it can be em- 
bossed or simply rolled up. A web produced as 
described has a density of 105 g/m 2 ", absorbs 402 
g/g of 0.9% brine solution and retains 26.3 g/g of 
the brine solution under a pressure of 0.5 psi. The 
water-swelled web is dry to the touch. 



Example 2 



Substantially as described in Example 1 but 
using a polymer formulation differing from that of 
Example 1 by substitution of pentaerythritol and 
butanediol for propylene carbonate in amounts of 8 
phr and 2 phr, respectively, and increasing the belt 
speed to 2.8 fpm, a fibrous web is produced. The 
cure residence time is 22.5 minutes. The oven 
temperature for this formulation and residence time 
is 175 C and the secondary air temperature is 
100'C. The collector pressure drop on the belt is 
increased to 2.0 inches of water to draw the fibers 
to the belt more evenly. The web produced has a 
density of 83 g/m 2 , absorbs 48.8 g/g of a 0.9% 
brine solution and retains 28.9 g/g of the brine 
solution under a pressure of 0.5 psi. The solubility 
of the polymer is 14.6%. 



Claims 

1. A process for producing a nonwoven fibrous 
web from an aqueous solution of a polymer com- 
position which is water insoluble and superabsor- 
bent upon curing, which comprises:- 

(a) forming the polymer solution into water soluble 
fiiaments; 

(b) contacting the filaments with a primary air 
stream having a velocity effective to partially at- 
tenuate and to partially dry the filaments; 

(c) contacting the filaments in a fiber-forming zone 
with a secondary air stream having a velocity effec- 
tive to further attenuate and to fragment the fila- 
ments into fibers, to further dry the fibers and to 
transport the fibers to a web-forming zone; 

(d) collecting the fibers in reticulated web-form in 
the web-forming zone; and 

(e) curing the web in a curing zone; 

wherein the temperature and air stream velocities 
are controlled with respect to ambient humidity and 
water content of the fiber during fiber and web 
formation such that during collection the fibers re- 
main substantially non-sticking and cure in the cur- 
ing step to a soft, integral web. 



2. The process of claim 1 wherein the fibers 
formed from the polymer solution are collected on 
a forming wire and the forming wire carrying the 
fibers moves continuously through the curing zone, 
s 3. The process of claim 1 or claim 2 including 

(f) compacting the cured web. 

4. The process of claim 3 wherein the com- 
pacting includes embossing the web. 

5. The process of any one of claims 1 to 4 
to wherein the temperature and air stream velocities 

are controlled in the fiber-forming web-forming 
zones whereby the moisture content of the fibers 
prior to curing is less than 20% by weight. 

6. The process of any one of claims 1 to 5 
;s wherein the primary air stream entrains and trans- 
ports the filaments to the fiber-forming zone. 

7. The process of any one of claims 1 to 6 
wherein the velocity of the primary air is at least 
about 500 fpm and the velocity of the secondary 

20 air is at least about 300 fpm. 

8. The process of any one of claims 1 to 7 
wherein the polymer solution comprises about 25 
to 60% polymer soiids and the polymer composi- 
tion comprises a blend of (1) a copolymer of at 

25 least one ^-unsaturated carboxylic monomer and 
at least one monomer copolymerizable therewith 
and (2) a crosslinking agent wherein the crosslin- 
king functionality comprises hydroxy! or 
heterocyclic carbonate groups. 

30 9. The process of claim 8 wherein the 

copolymer comprises about 20-80 weight % pen- 
dant carboxylic acid groups and about 80-20 
weight % pendant carboxylate groups. 

1 0. The process of claim 8 or claim 9 wherein 
35 the copolymer is a copolymer of maleic anhydride 

and at least one of styrene and iso butylene, and 
the crosslinking agent is propylene carbonate, eth- 
ylene glycol, propylene glycol, 1,4-butane diol, 
diethylene glycol, glycerol, pentaerythritol, meso- 
40 erythritol or any mixture thereof. 

11. The process of claim 8, claim 9 or claim 10 
wherein the process conditions are as follows: 
primary air velocity: about 500 to 8000 fpm; 
secondary air velocity: at least about 3000 fpm; 

45 secondary air temperature: about 25 to 140 - C; 
temperature of curing zone: about 150 to 

275 ' C; 

residence time of web in curing zone: about 0.5 
to 35 minutes. 

50 12. The solution of any one of claims 1 to 10 

wherein the polymer solution comprises about 35 
to 55% poiymer solids, the polymer composition 
comprises a blend of (1) a partially neutralized 
copolymer of maleic anhydride and at least one of 

55 styrene and isobutylene, and (2) a crosslinking 
amount of propylene carbonate, ethylene glycol, 
propylene glycol, 1,4-butane diol, diethylene glycol, 
glycerol, pentaerythritol. meso-erythritol or any 
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mixture thereof, and the process conditions are as 
follows: 

primary air velocity: about 500 to 8000 fpm; 
secondary air velocity: at least about 3000 fpm; 
secondary air temperature: about 25 to 1 40 ' C;' 5 
temperature of curing zone: about 150 to 

270 C; 

residence time of web in curing zone: about 0.5 
to 35 minutes. 

13. A nonwoven web produced by the process 10 
claimed in any one of claims 1 to 12 

14. Nonwoven fibrous web producing appara- 
tus, comprising, in combination: 

(a) means for forming an aqueous polymer 
solution into filaments; 

(b) first air supply means positioned to direct 
an air stream upon and to partially attenuate and to 
partially dry the filaments; 

(c) a housing having opposing inlet and out- 
let means; 

(d) second air supply means positioned to 
direct an air stream upon the filaments for further 
attenuation and for fragmentation thereof, and to 
further dry and carry the fragments through the 
inlet and outlet of the housing; 25 

(e) a foraminous surface at the outlet of the 
housing for collecting the fragments in web form; 

(f) suction means adjacent to the foraminous 
surface positioned to entrain the fragments on the 
foraminous surface; and 3Q 

(g) means for curing the web on the surface. 

15. Apparatus as in claim 14 wherein the sec- 
ond air supply means is positioned substantially 
normal to the path of the attenuated filaments, and 
including temperature and humidity control means 35 
in the housing. 

16. Apparatus as in claim 14 or ciaim 15 
wherein the filament forming means includes a die 
having a plurality of die holes, and the first air 
supply means comprises air tubes positioned adja- 40 
cent the die holes. 

17. The apparatus as in claim 14. claim 15 or 
claim 16 wherein the foraminous surface comprises 
a moving wire belt adapted to carry the web. and 

the curing means comprises an oven chamber 45 
adapted for passage therethrough of the belt carry- 
ing the web. the apparatus further including web 
taice-up means. 

18. Apparatus as in claim 17 including air ex- 
.'.aust means to effect an air pressure differential to so 
hold the web in place on the belt during initial 
passage through the oven chamber and to exhaust 

air from the secondary air supply means. 

19. Apparatus as in any one of claims 14 to 18 
further including web compacting means positioned 55 
after the curing means. 



20. Apparatus as claimed in claim 19 further 
including web take-up means positioned between 
the curing means and the web compacting means, 
wherein the foraminous surface comprises a mov- 
ing wire belt adapted to carry the web. and wherein 
the curing means comprises an oven chamber 
adapted for passage therethrough of the belt carry- 
ing the web, the apparatus further including a third 
air supply means and air exhaust means connected 
to the third air supply means to thereby effect an 
air pressure differential to hold the web in place on 
the belt during passage through an oven chamber. 
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